Introduction.
fluenced vertical occlusal forces during swallowing, simulated chewing, and maximum biting effort.
Three samples of subjects with normal vertical facial proportions -one each of children, adolescents, and young adults were evaluated to determine the effects of changes in small (2.5 vs. 6.0 mm) vertical separation of the first molars. A sample of young adults was used to evaluate changes in large (10-40 mm) vertical openings, and a sample of adolescents was used to investigate the effect of contralateral support and head posture. All between-group comparisons were evaluated using non-parametric statistics.
For the small vertical openings, there was significantly more ver- tical occlusal force at 6.0 than 2.5 mm in children during swallowing and chewing but not during maximum biting effort. In adults, there was significantly more force during swallowing at 6.0 than at 2.5 mm separation, but no differences in chewing or maximum biting. Increasingly large vertical openings resulted in a progressive increase in maximum bite force to a maximum at about 20 mm, followed by a decrease and then a second increase to near-maximum force at about 40 mm for young adults. There were no significant differences in vertical force with or without contralateral support or between flexed, normal, and extended head postures at either of the small openings.
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Investigations of vertical interocclusal force in humans began over 300 years ago (Uhlig, 1953) . The force-measuring devices (Garner and Kotwal, 1973) , vertical facial type (Taylor, 1936) , muscle fiber type (Ringqvist, 1978) , and electromyographic activity (Ahlgren and Owall, 1970) . The results have been inconsistent and conflicting, which has confused rather than clarified the relationships between occlusal forces and the selected independent variable.
These inconsistent results seem to be due to lack of control of variables that may affect occlusal forces. The age and sex of the subject (Helkimo et al., 1977) and the attitude of the investigator (Molin, 1972) are variables that have been shown to influence occlusal force measurements. It is generally recognized that other factors that need to be controlled are the state of the dentition (Helkimo et al., 1977) , the position of the transducer in the mouth (Throckmorton et al., 1980) , and vertical facial morphology (Ingervall and Helkimo, 1978) . Ad- Early occlusal force studies employed bulky instruments that required wide separation of the teeth and jaws. There has been speculation that the extent of vertical separation of the teeth and jaws and especially opening beyond the freeway space may have an effect on the magnitude of occlusal forces (Boos, 1940) . This viewpoint has been supported theoretically by lengthtension curves for a single muscle fiber. As a muscle fiber is stretched beyond its resting length, more force is generated up to a point; then further stretch results in reduced force generation (Gordon et al., 1964) . If the elevator muscles of the mandible behaved like an ideal single fiber, small increases in vertical opening past rest position should increase occlusal forces, whereas larger openings should cause a reduction in occlusal force. Traditional length-tension curves may not be adequate to represent forces generated by the muscles of mastication in occlusal force studies, since in vivo forces are produced by a combination of whole muscles (Thexton and Hiimaee, 1975) . In some animals, maximum force is generated at or very near maximum opening (MacKenna and Turker, 1975 (Archer and Vig, 1985) . Head posture has also been related to bite opening, in that increased vertical opening leads to extension of the head, possibly so that occlusal forces may be reduced (Daly et al., 1982 (Proffit et al., 1983) .
Vertical occlusal forces at larger vertical openings. These were studied in eight young adult males (from 25 to 29 years of age) by examining only maximum biting force, because simulated chewing is difficult and swallowing almost impossible at the wide openings. Vertical occlusal force was measured at 5-mm increments from 10 to 40 mm of incisor separation. Ten millimeters of incisor separation generally exceeded the 6 mm of molar separation in the small vertical opening studies; the 10-ml opening was chosen as being the smallest. The quartz transducer was mounted as previously described, and the vertical occlusal dimension was increased by addition of restorative resin to the transducer matrix. The reliability of repeated measures was within 20% of the initial force value.
The effect of supported vs. non-supported contralateral occlusion. This was evaluated in the sample of 10 adolescents using both types of transducers and 2.5-mm and 6.0-mm molar separation. In the supported condition, the bite block with the transducer and a silicone support block for the contralateral side were both used. In the non-supported condition, only the bite block with the transducer was used.
The effects of changes in head posture.
This was examined using the same sample of 10 adolescents. Occlusal forces were measured for each subject in natural head position and at positions 20 degrees flexed (chin down) and 20 degrees extended (chin up) from natural head position. Natural head position was determined by having each subject look at a landmark on a distant wall, take one step forward, and achieve a comfortable head posture while looking at the distant landmark (Showfety et al., 1983 
Results.
Small vertical openings. -The data in Table 1A illustrate the children's pooled mean vertical occlusal force for all visits, each function, and each opening. The vertical forces during swallowing and chewing were significantly greater (p 0.01) at 6.0-mm molar than at 2.5-mm molar separation. Although increased bite opening tended to generate greater vertical occlusal forces in adolescents, there were no significant differences between the 2.5-and the 6.0-mm molar separations for the adolescents during any of the occlusal functions (Table   IB) . There was significantly greater vertical occlusal force at 6.0-mm openings for the normal young adults during swallowing, but for no other functions (Table IC) . Table 2 indicates that the mean vertical occlusal force increased initially with opening to 20 mm, then decreased until 30 mm of opening was reached and increased again as opening became Table 3 indicates that, although mean forces were slightly larger with both sides supported, there were no significant differences between the supported and the non-supported conditions for either vertical opening.
Large vertical openings. Analysis of the data in
Head posture. -Analysis of the data in Table 4 indicates that flexing or extending the head did not significantly affect the vertical occlusal force for any of the occlusal functions at either opening. Changing head posture, however, did produce differences in occlusal force between the 2.5-and 6.0-mm transducers. When the head was flexed, significantly greater vertical occlusal force was apparent at the 6.0-mm vertical opening than at the 2.0-mm opening for swallowing and chewing (p = 0.008 and 0.004, respectively). For maximum biting force, the difference approached significance (p = 0.02). Although greater force was often generated at 6.0 mm when the head was extended, the differences were not statistically significant.
Discussion.
Analysis of these data indicates significantly greater vertical occlusal forces at the 6.0-mm than at the 2.5-mm opening during swallowing and chewing (but not for maximum biting) for normal children. On the other hand, the data for normal adolescents and adults showed no significant differences in vertical force between the 2.5-and 6.0-mm openings except during swallowing in the adults. The considerable variability between subjects is reflected in the large standard deviations, and this made it difficult to demonstrate significant differences. These data, as a group, indicate that the age of the subject may be a confounding variable when different vertical openings of under 6 mm are employed during data collection. Small changes in jaw separation and muscle stretch in children may be significant on a proportionate basis, because the resting muscle length is much smaller, while the same absolute changes are trivial in larger adolescents and adults. Therefore, even At a given opening, during a specific activity, changes in head posture did not significantly alter vertical occlusal force.
It was surprising that, with the head in the flexed position, adults did have larger occlusal force with 6.0-mm molar separation than at 2.5-mm, and even more surprising that when flexion produced an increase, extension tended to do the same thing. We presume that these effects relate to a change in orientation and/or activity of the depressor muscles of the mandible, since head posture does not directly affect the elevator muscles. When the elevator muscles contract to create vertical occlusal forces, the depressor muscles (and the other soft tissues of the neck) produce some resistance. Flexion, it appears, decreases this resistance more when the molars are separated 6.0 mm than when the separation is near the usual postural Vol. 65 No. 2 position, while extension fails to increase it and may also facilitate biting at the wider separation.
In summary, analysis of these data demonstrates that experimental measurements of vertical occlusal force are not affected by whether the jaw is supported bilaterally or has all the force on one side. The amount of separation of the teeth when the measurements are made is important: in children, at small vertical openings; and in adults, beyond 6.0-mm molar separation (and perhaps at smaller openings, despite our failure to show statistically significant differences). Head posture must also be controlled because of its interaction with the amount of jaw (tooth) separation.
